In recent years, some studies on the expression of CD95(Fas/ APO-1) ligand (CD95L) in tissues or cells raised concerns about the specificity of the antibodies used. We therefore tested 12 CD95L antibodies for their reliability in immunocyto/ histochemistry by (i) staining CD95L-transfected and control CV-1/EBNA cells and (ii) comparing staining patterns in immunohistochemically labeled tissue sections with the localization of CD95L + cells in in situ hybridization. While G247-4, NOK-1, NOK-2, 4H9, and MIKE-1 stained CD95L-transfected cells and did not significantly bind to controls, G247-4 was the only antibody giving satisfying signals in tissue sections perfectly matching the distribution of CD95L + cells by in situ hybridization. MAb 33, C-20, and N-20 comparably stained both transfected and control cells and showed considerable background or falsely positive staining in sections. MIKE-2, 8B8, A11, and 4A5 did not or only very faintly bind to either cells and, thus, were not tested on sections. We conclude that G247-4 is the only tested antibody that is recommendable for immunohistochemistry. Cell Death and Differentiation (2001) 8, 273 ± 278.
Introduction
The CD95(Fas/APO-1) ligand (CD95L) is a 40 kDa type II transmembrane protein and is a member of the tumor necrosis factor superfamily of cytokines. 1, 2 It induces apoptosis in CD95-expressing and -sensitive cells and has been implicated in a variety of conditions such as the regulation of inflammatory responses, 3 maintenance of the immune privilege of certain tissues, 4 and the pathogensis of cancer (`CD95L counterattack' hypothesis). 5 Since its discovery in 1992, a variety of studies using different polyclonal and monoclonal antibodies for the detection of the protein in Western blot analysis and immunohistochemistry has been published. Some of these studies, however, raised serious concerns about the specificity of some broadly applied reagents. 6 ± 10 In the present study, we therefore critically tested 12 different commercially available CD95L antibodies for their reliability in immunohistochemistry. This was done (i) by staining CD95L-transfected and control CV-1/EBNA cells and (ii) by comparing staining patterns in immunohistochemistry on tissue sections with the distribution of CD95L mRNA expressing cells by in situ hybridization.
Results

Immunocytochemistry on CD95L-transfected CV-1/EBNA cells
To test the specificity of 12 different commercially available CD95L antibodies in immunocyto/histochemistry, immunocytochemical stainings were performed on CV-1/EBNA cells transfected with full length human CD95L. Cells transfected with human TRAIL and with vector alone served as controls. CD95L-and TRAIL-expression of transfected cells was controled by RT Ð PCR (Figure 1 ). Efficiency of CD95L-transfection was also checked by in situ hybridization (data not shown).
The staining results with CD95L-and TRAIL-transfected cells are given in Figure 2 . Briefly, only staining with G247-4, NOK-1, and NOK-2 gave clear positive staining results on CD95L-transfected cells while being negative in controls. MIKE-1 labeled CD95L-transfected cells but also showed slight background staining in few control cells. Staining of CD95L-transfected cells with 4H9 was very weak, but control cells were clearly negative. In contrast, both polyclonal antibodies tested (C-20 and N-20) as well as the monoclonal antibody 33 did not only stain CD95L-transfected cells but gave an almost identical staining result in control cells. In addition, staining with MIKE-2 gave a comparable, although very faint, staining of both CD95L-transfected and control cells. All other antibodies tested gave negative staining results on either cells.
Similar staining results as with TRAIL-transfected cells were obtained with CV-1/EBNA cells transfected with vector alone (data not shown). 
CD95L immunohistochemistry on tonsillar tissue sections
Using the antibodies which gave clear positive staining results on CD95L-transfected cells (irrespective of specificity), we next carried out immunohistochemical staining on normal tissue using both frozen and paraffin tonsillar sections. We found that after antibody-specific antigen retrieval (cf. Materials and Methods) the staining patterns in paraffin sections were very similar to those obtained in frozen sections although the reaction was somewhat weaker in paraffin compared to frozen sections.
To further evaluate the specificity of the antibodies used, we compared the immunohistochemical staining patterns to those obtained by in situ hybridization. CD95L-mRNApositive (immune) cells were detected mostly near the tonsillar crypt epithelium by in situ hybridization ( Figure 3a) . As already reported, 11 plasma cells, recognized by their typical broad cytoplasmic rim with an excentrically located nucleus, were prominent producers of CD95L mRNA in the tonsil (Figure 3a, insert) . In addition, some scattered lymphoid cells in the paracortical T-cell area and very few cells in the germinal centers expressed CD95L mRNA (not shown). Notably, the squamous epithelium was CD95L mRNA negative.
In immunohistochemistry, we revealed an almost identical staining pattern with the antibody G247-4 ( Figure  3b ). In contrast, the polyclonal antibodies C-20 ( Figure 3c ) and N-20 ( Figure 3d ) gave a rather diffuse staining of the squamous epithelium and immune cells. In some areas, plasma cells seemed to be stained somewhat more intensely than the adjacent epithelium, but this labeling could not always be differentiated from the high background reaction. The monoclonal antibody 33 most strongly labeled the squamous epithelium ( Figure 3e ) as well as germinal center cells (not shown), but also a variety of immune cells in the interfollicular area, although less intensely.
NOK-1, NOK-2, MIKE-1, and 5H9 gave rise to a faint labeling of some lymphoid and plasma cells in frozen sections (not shown) but did not sufficiently stain CD95L-expressing cells in paraffin sections (Figure 3f ).
Discussion
Already some years ago, a publication by Giordano and co-workers 12 on CD95L-expression in thyrocytes provoked comments expressing serious concerns about the specificity of some of the commercially available CD95L antibodies in immunoblots, FACS analysis and immune fluorescence. 6, 7 The antibodies in question were the mouse monoclonal antibody 33 (IgG1 isotype; Transduction Laboratories, Lexington, KY, USA) and the rabbit polyclonal C-20 (purified IgG; Santa Cruz Biotechnology, Santa Cruz, CA, USA). Despite these published notes of caution, both antibodies, together with another rabbit polyclonal antibody, N-20 (Santa Cruz Biotechnology), have been widely used in studies for the in situ localization of CD95L in tissue sections by immunohistochemistry. The current flood of publications using antibodies which may lack sufficient specificity, however, requires a critical reevaluation of the reliability of available CD95L antibodies. We therefore tested the specificity of 12 different CD95L antibodies in immunocyto/histochemistry by staining of CD95L-transfected and (TRAIL-and vector-transfected) control cells. These stainings demonstrate that only NOK-1, NOK-2, G247-4, MIKE-1, and 4H9 have satisfying specificity in immunocyto/histochemistry. Both polyclonal antibodies tested (C-20 and N-20) as well as mAb 33 label CD95L-transfected and control cells to a comparable extent and, thus, lack sufficient specificity. Specificity of the monoclonal CD95L antibody 33 has first been doubted when CD95L was found in normal thyrocytes in Western blots using mAb 33 although they lacked detectable CD95L mRNA in both RT ± PCR and nuclease protection assays. 6 Fiedler et al. 7, 9 reported that, in immunoblots, mAb 33 detected an identical 37 kDa signal in both CD95L-transfected and untransfected 293T cells while, using mAb G247-4, only transfected cells showed a CD95L-specific signal. Moreover, mAb 33 did not recognize immunoprecipitated CD95L from transfected 293T cells, but a 37 kDa protein in the supernatant of the immunoprecipitate. 7 Finally, in 2D electrophoresis, mAb 33 detected a protein with different mobility than the CD95L specific signal detected by G247-4 and a polyclonal rabbit anti-CD95L antibody, PE62. 9 In our present study, mAb33 did not only stain CD95L-transfected and control cells to a similar extent, but also strongly labeled tonsillar epithelial cells in tissue sections which lacked CD95L mRNA by in situ hybridization. Even though there may be differences in binding properties under reducing and non-reducing conditions, 9,13 our findings support the assumption by Fiedler and co-workers 9 that mAb 33 most probably detects a protein different from CD95L. In any case, it can not be recommended for use in immunohistochemistry.
Another antibody giving rise to debates on its specificity is the polyclonal rabbit anti-CD95L antibody C-20. Although C-20 recognizes CD95L in CD95L-transfected 293T cells in immunoblots and immunofluorescence, there is a strong background staining in control cells. 7 In FACS analyses, C-20 was shown to bind to unstimulated Jurkat cells which were, however, negative with the CD95L mAbs NOK-1 and Alf-1.2. 8 These reports are in line with our immunohistochemical data showing that C-20 stains both CD95L-transfected and control cells and gives rise to a considerable background reaction which is not clearly distinguishable from a possible additional CD95L-specific signal.
The very same applies to another polyclonal rabbit anti-CD95L antibody supplied by Santa Cruz Biotechnology, N-20. In our study, this antibody also stained CD95L-transfected and control cells to a similar extent. In tissue sections, the labeling of plasma cells known to be the most prominent producers of CD95L in the tonsil and clearly positive with mAb G247-4 and by in situ hybridization, is not sufficiently distinct from the background reaction. In and M33 (w, x) . Original magnification6300 conclusion, both polyclonal antibodies do not seem appropriate for use in immunohistochemistry.
Of all antibodies with sufficient specificity in immunocytochemistry on transfected cells (NOK-1, NOK-2, G247-4, MIKE-1, 4H9), only G247-4 showed a satisfying sensitivity in stainings of tonsillar tissue sections. The staining pattern obtained with this antibody on frozen as well as paraffin sections perfectly matched the distribution of CD95L mRNA-expressing cells by in situ hybridization. However, the sensitivity in paraffin sections was somewhat lower. NOK-1, NOK-2, MIKE-1, and 4H9 faintly stained only very few lymphoid and plasma cells in frozen sections and did not have satisfying sensitivity in paraffin sections. Thus, we conclude that, of all commercial CD95L antibodies tested in this study, G247-4 is the only one with satisfying specificity and sensitivity in immunhistochemistry on frozen and paraffin sections.
Materials and Methods
Cells and tissues
CV-1/EBNA cells were co-transfected essentially as described. 14 Here, we transfected the cells on cover slides and used a mix of three different plasmids in each transfection: (i) either one of the following three plasmids: (a) pCDNA3 (Invitrogen, San Diego, CA, USA), or pCDNA3 that encoded either full length human CD95L (b) or full length human TRAIL (c); (ii) a plasmid that encodes the anti-apoptotic Baculovirus protein p35, and (iii) pSV3-Neo that encodes the large T antigen necessary for the replication of pCDNA3. Cells were fixed in acetone 48 h after transfection and then subjected to immunocytochemical stainings.
Tissue samples from human tonsils were surgically removed and snap frozen in liquid nitrogen or fixed in 4% neutral buffered formalin within 30 min from surgery. Frozen sections of about 5 mm were prepared, fixed in acetone for 10 min, and stored at 7208C until use. Formalin fixed tissues were dehydrated in ethanol and xylene and finally embedded in paraffin as usual. Paraffin-embedded tissue samples were cut into sections of about 3 ± 4 mm and processed as described below.
RT ± PCR for human CD95L and TRAIL CD95L and TRAIL expression of transfected cells was controled by performing RT ± PCR. Cellular total RNA and DNA were extracted with TRIzol TM reagent (Life Technology, Gaithersburg, MD, USA) according to the manufacturer's instructions. RNA was treated with RNAse-free DNAse I (Boehringer-Mannheim, Mannheim, Germany) and reversely transcribed using a SuperScript TM Reverse Transcriptase (Life Technology) and random hexamer primers following the manufacturer's protocol. PCR was performed on cDNA, nontranscribed RNA, and DNA using the Taq PCR Core Kit (Quiagen, Hilden, Germany) and the following primer pairs, respectively: human CD95L: 5'-GAAGAAGAGAGGGAACCAC-3' and 5'-ATCTTCCCCTC-CATCATC-3'; human TRAIL: 5'-TGACGAAGAGAGTATGAACAG-3' and 5'-TGGTCCCAGTTATGTGAG-3'. PCR products were resolved on a 2% agarose gel and visualized with ethidium bromide. The expected length of the amplicons were 474 bp and 185 bp, respectively.
Immunocyto/histochemistry
Two polyclonal and 10 monoclonal CD95L antibodies, listed in Table  1 , were used in this study.
Immunocyto/histochemistry was carried out on slides with transfected cells, frozen and paraffin sections. While aceton fixed slides and frozen sections were directly incubated with anti-CD95L antibodies at appropriate concentrations, formalin fixed tissue was pretreated as follows. Prior to incubation with primary antibody, paraffin sections were dewaxed in xylene and rehydrated in ethanol/ water. Paraffin sections for stainings with monoclonal antibodies were then treated by microwave irradiation (750 W, 20 min) or cooked in a pressure cooker for 20 min in citrate buffer (pH 6.0), respectively, as described. 11, 15 Alternatively, sections were digested for 5 min by pronase E (Sigma, St. Louis, MO, USA; 1 mg/ml in PBS) or left untreated. In the case of G247-4 and mAb 33, best staining results were yielded with microwave irradiation. With NOK-1, NOK-2, MIKE-1, and 4H9,`antigen retrieval' by either method did not improve results compared to slides without pretreatment. Stainings with the polyclonal antibodies C-20 and N-20 were preceded by incubating tissue sections with 5% normal goat serum as described by Bennett et al. 16, 17 Staining procedure was as follows: cells/sections were incubated with antibody in PBS for 60 min at room temperature. Different concentrations (given in Table 1 ) of each antibody were tested. Best signal-to-noise ratios were yielded using 20 mg/ml of monoclonal and 5 mg/ml of polyclonal antibodies, respectively. Binding sites of the primary antibody were visualized using appropriate biotinylated secondary antibodies (to rabbit, rat, mouse, and armenian hamster Ig, respectively) (Dako, Copenhagen, Denmark) and a streptavidin peroxidase system (Amersham, Buckinghamshire, UK). Threeaminoethylcarbazole (Sigma) was used as a substrate for the peroxidase which gave rise to a red precipitate at antibody binding sites. Cells/sections were then counterstained with Harris' hematoxylin and mounted with gelatin. Controls were done by omitting the primary antibody.
In situ hybridization
In situ hybridization was performed on transfected cells as well as on dewaxed and rehydrated paraffin sections as follows: CD95L mRNA was hybridized with the exon 4-specific digoxigenin-labeled human CD95L probe 1.APO-1L at 0.05 mM as previously described. 11, 18 After incubation with a gold-labeled sheep anti-digoxigenin antibody (Aurion, Wageningen, Netherlands), bound gold particles were visualized for light microscopy using a silver enhancement kit (Aurion). Sections were then slightly counterstained with 2% pyronine Y solution (Fluka, Buchs, Switzerland) and mounted with gelatin. Negative controls were carried out using (i) the unlabeled probe and (ii) the digoxigenin-labeled CD95L promoter-specific oligonucleotide, Prom2, and did not yield any signal above background levels (for further details cf. 18 ). 
